In the past, endurance training (ET) [1] was defined as lengthy exercise sessions of low intensities. Recent studies have demonstrated that high-intensity physical training, such as sprint interval training (SIT), conducted over a short time interval, leads to a comparable improvement in endurance performance [2] . Due to the time-efficient strategy, SIT may be considered more effective than ET [3] .
INTRODUCTION
. The increase of PMLSS was significant after four weeks of ET (+16 ± 14 W, p=0.036) and increased to +32 ± 17 W after six weeks.
Comparison of SIT and ET revealed no significant differences for La max , O 2max or PMLSS after six weeks. The control group remained stable in all parameters. In both exercising groups there was a significant improvement of the calculated PMLSS due to different influences of La max and O 2max . To understand the reasons for an improvement in MLSS as a physiological parameter of endurance exercise, it is necessary to understand the physiological origin of MLSS at the level of muscle cells [6] . Mader and Heck [8] published a mathematical description of the metabolic response based on measured values, specifically for a single muscle cell. They focussed on activation of glycolysis (as the lactate production system) and on oxidative phosphorylation (as the combustion system for lactate). Mader and Heck [8] argued that, on the basis of Michaelis-Menten kinetics, it would be possible to simultaneously calculate the rate of lactate formation by glycolysis and the rate of lactate elimination by oxidative phosphorylation, depending on a constant workload. The authors subsequently defined
CITATION:

Procedure
Prior to baseline measurements, subjects were familiarized with the testing procedures and training devices.
La max test: Participants initially performed a sprint test ( La max test)
to calculate La max [9] . Participants started with a warm-up session consisting of 12 min pedalling at a power of 1.5 W•kg -1 body mass on an electronically braked cycle ergometer (Lode Excalibur Sport, Lode, Groningen, Netherlands). In the middle of this period, a short sprint attempt of 5 s was interposed. It was followed by 10 min cycling, at 50 W, to mitigate the increased lactate concentration.
Directly after finishing the warm-up phase, two blood samples (20 μl) were obtained from the earlobe in order to measure the lactate concentration before the test (La Pre ) and to minimize measurement errors.
The capillary was stored in pre-filled 'Safe-Lock' reaction cups (1000 μl) and used for determination on a BIOSEN C-line lactate analyser.
Thereafter, participants were instructed to accelerate as fast as A recent study [9] explained in detail the ten equations used in the calculation of PMLSS. This study showed a strong correlation between the calculated and experimental PMLSS, as measured by 30 min constant load tests. Below, the training effect of sprint and endurance training on O 2max and its influence on La max is discussed.
To the best of our knowledge, no studies exist yet to prove this hypothesis empirically. Basic research documents the variation of enzyme activity of phosphofructokinase as a key enzyme of glycolysis in high-intensity training, resulting in an improvement in maximal glycolytic power capacity [10, 11] . Therefore, an increase in La max by SIT might be supposed. Gibala et al. [12, 13, 14] found that ET induces improvements in muscle oxidative capacity, muscle buffering capacity, and exercise performance after two weeks. Additionally, this implies a decrease in La max . Based on the theoretical model of Mader et al. [5, 8] , the aim of this study was to investigate the influence of SIT and ET on La max and O 2max , and the calculated PMLSS.
It was hypothesized that SIT and ET lead to an increase in PMLSS on the basis of different influences of La max and O 2max .
MATERIALS AND METHODS
Subjects
Thirty healthy male participants were recruited to take part in this study ( Table 1 ). The participants were young, healthy amateur cyclists (physical education students) who were recreationally active in sport, was performed (using a modified protocol published by Craig et al. [9, 16] ) to assess O 2max . Oxygen consumption ( O 2 ) and carbon dioxide production ( CO 2 ) were measured breath-by-breath using an
Oxycon PRO (Erich Jäger, Höchberg, Germany). Ten-minute warm-up at a constant power of 1.5 W•kg -1 body mass was followed by 2 min at a constant load of 50 W. The workload at the beginning of the test was set to 50 W for 2 min and was increased by 25 W every 30 s.
The test finished when participants were physically exhausted or complained of shortness of breath, dizziness or other physical complaints that kept them from proceeding with the test [17] . The maximal oxygen uptake was averaged from the highest 30 s. Reliability of both the La max test and the O 2max test has been shown previously [18] .
Calculation of PMLSS:
The results of the La max test, O 2max test and body weight were used to calculate the PMLSS for all participants with a previously described model using ten algebraic equations [5, 8, 9] . The model, background and validity of the methodology used to estimate the PMLSS are explained in detail by Hauser et al. [9] .
Training: After all participants were familiar with the exercise regimes they were randomized (1:1:1-ratio) into three study groups: one group performing SIT, one group performing ET, and one control group (CG).
Each group consisted of 10 participants ( A similar increase was noted in PMLSS (+16 ± 14 W) after four weeks, and increased to +32 ± 17 W after six weeks of intervention.
Further baseline and follow-up parameters of La max and O 2max are given in Table 2 .
Comparison of SIT, ET and CG
Comparison of SIT and ET revealed no significant differences for La max , O 2max and PMLSS after six weeks. The control group remained stable in all parameters (Table 2) .
A blood sample was taken to assess blood lactate concentration every 10 min. Both groups participated three days per week for six weeks.
Participants assigned to CG completed all test days without additional training and were encouraged to carry out activities of daily living without starting new fitness programmes (or finishing existing ones) over the study period. All participants were instructed to maintain their regular diet and physical activity throughout the intervention, but to refrain from alcohol and exercise for 48 h before each test. Sprint and ramp tests to determine La max and O 2max (used to calculate the PMLSS) were performed in all study groups at baseline (W0), and after week two (W2), four (W4) and six (W6) of intervention. These data were used to measure the training effects of SIT and ET, in comparison to each other and to CG. The study flowchart is given in Figure 1 . In contrast to La max , six weeks of ET improved aerobic capacity to an extent comparable to other studies [13, 25] . While ET significantly improved O 2max after two weeks, this effect remained active for up to six weeks when using SIT. Compared to previous studies, the significant improvement of O 2max of 4.5 ± 4.1% after six weeks of SIT is within a lower range. Past studies described an improvement in O 2max of 7.3% to 11.5% after a six-week SIT [2] . However, results of other studies using threshold concepts [26, 27] . These changes show that both oxygen uptake and lactate are necessary to interpret PMLSS, power differences between subjects, and training methods [8, 9] . A combination of SIT and ET might to be useful to achieve optimal training results. However, the combination of the two strategies needs further investigation.
Statistical analysis
Limitations
Our study has several limitations. First, the inter-participant vari- Tests to measure maximal aerobic capacity are widely accepted [20, 21] . In contrast, it is not possible to directly assess maximal anaerobic lactacid performance [15] . Using the La max -equation (equation 1) allows for an approximation of maximal anaerobic lactacid performance [22] . Basic research studies document the variation of enzyme activity of phosphofructokinase as a key enzyme of glycolysis by high-intensity training resulting in improvement of maximal glycolytic power capacity [10, 11] . Therefore an increase in La max by SIT and a decrease by ET might be supposed.
In contrast to the hypotheses of the presented study, La max had already decreased significantly in the SIT group after two weeks (by
) and remained stable in the further weeks of the intervention. Only the maximum blood lactate concentration after maximum exertion and, therefore, the difference of rest lactate and maximal post-stress lactate showed significant changes during the study period. Accordingly, the significant changes of La max are mainly due to a reduction of lactate production and increase of lactate elimination. Kim et al. [23] identified a significant reduction of maximal and post-stress lactate after 8 weeks of SIT, using a step test. Oxygen is crucial to the metabolism of lactate. Therefore, transport of oxygen has to be sustained [24] . In the present study, maximal blood lactate values of 21.8 mmol•L -1 were measured in training sessions. High lactate concentrations result in a decrease in pH. This change in pH influences enzyme activity and leads to disruption of muscle activity [1] . To counteract this effect, lactate has to be eliminated promptly. Accordingly, the increased elimination of lactate results in elevated decomposition of lactate within mitochondria [24] .
The elimination of blood lactate may be affected by lactate flow, metabolic capacity of oxidative muscle fibres (OMF), and lactate transport. After six weeks of SIT, with four to six repetitions of Wingate sprints, an increase in OMF of up to 25% was detected [12] . In addition, OMF reduces lactate production and may, therefore, also provoke a decrease in La max . Storage capacity for glycogen increased by 7.6%, and resting muscle glycogen content improved by 28% [24] .
Due to OMF, glycogenolysis diminished by 42% after six-week SIT, along with a simultaneous increase in lipometabolism [13] .
Beyond this, the decrease in La maxPost and inferring from this •kg -1 ), which may have affected the effect sizes (4.5 ± 4.1%) in our study. Third, it might be supposed that SIT is not practical for all populations, since it requires high levels of motivation and often also requires supervised training facilities. Despite modest effect sizes, the exercise training protocols were successful in improving O 2max .
CONCLUSIONS
The most striking finding of this study provides an answer to a pertinent question raised through the growing interest of researchers in different types of training (SIT and ET), and the subsequent effects on PMLSS (influenced by single parameters ( O 2max representing the maximal performance of the aerobic system and La max representing the maximal performance of the anaerobic lactic system)). While SIT primarily affects La max , ET has an increasing effect on O 2max .
It appears that both types of training significantly improved the calculated PMLSS by differently influencing La max and O 2max .
Given the markedly lower training volume required, sprint interval training is indeed a time-efficient strategy to improve the PMLSS.
Further research is needed to find the optimal combination of ET and SIT in different sports.
